The meninges are comprised of the dura mater, arachnoid, and pia mater. The dura mater or pachymeninges is adherent to the inner table of the skull and forms the functional penosteum. The arachnoid is a delicate membrane attached to the dura mater; between it and the pia mater there is a continuous space, the subarachnoid space, filled with cerebrospinal fluid. Together, the pia mater and arachnoid form the leptomeninges. In the interior of the brain, the leptomeningeal extensions form the tela choroidea and the stroma of the choroid plexus. The pia mater, as the outer constituent of the perivascular space of Virchow and Robin, penetrates the central nervous system at all points in relation to the blood vessels. Meningeal tumors may originate from any of the covering membranes described above or from their extensions into the central neuraxis. However, the fundamental cell of origin for human meningiomas is considered to be the meningothelial arachnoid cell. I The arachnoid cells perform multiple functions. The contribution of the mesenchyme in the development of the meninges has endowed these cells with mesenchymal properties similar to those of fibroblasts, including the synthesis and secretion of procollagen molecules and the production of fibrous connective tissue. Further, as indicated by their capability to react to stimulation by irritant foreign particles, the arachnoid cells are part of the mononuclear phagocyte system.' Because of their origin, meningiomas may express metaplastic features that are char-+ Fig. 1 . Brain; rat. Spontaneous osteosarcoma of cerebral meninges, which disclosed an infiltrative growth into the cerebral cortex (arrows). Diffuse and irregular formation of osteoid was seen (small arrow). Binucleated cells were observed (arrowhead). HE. Bar = 50 pm. The affected animal was a 2-year-old treated female Sprague-Dawley-derived rat (strain Tif: RAI) from a longterm study conducted under barrier maintenance conditions. The rat died spontaneously on day 725 of the experiment. A complete necropsy was performed, and all tissues were preserved by immersion in neutral buffered 4% formaldehyde solution. The brain was embedded in paraffin wax, and four standard transverse sections were taken: through the cerebral hemispheres at the level of basal ganglia and chiasma opticum, at the midbrain, at the cerebellum, and at the pons and medulla. Sections were cut at 4 pm and routinely stained with hematoxylin and eosin (HE). Reticulin fibers and argyrophilic cells were demonstrated by Gomori's reduced silver stain, collagen fibers were stained with fast green by Goldner's modification of Masson's trichrome, lysosomal structures and glycogen granules yielded a positive reaction with periodic acid-Schiff reagent (PAS), and neuroglial fibrils were identified by Mallory's phosphotungstic acid-hematoxylin and the osteoid matrix by von Kossa staining. For electron microscopic examination, paraffin-embedded tissue was deparaffinated, rehydrated, and transferred to phosphate At necropsy, a single mass measuring 10 x 12 mm, detached from the inner table of the skull, was connected with the left parietal part of the cerebral hemispheres leading to compression and displacement of the anterior region of the brain; the lumen of the left lateral ventricle disappeared. The consistency of this mass was hard, and the surface was round and irregular. The cut surface was pink-white at the periphery and white in the center. Microscopically, the highly cellular neoplasm was char-acterized by the presence of irregular osteoid formation intermingled with neoplastic osteoblast-like cells (Fig. 1) . These pleomorphic cells had hyperchromatic and/or vesiculated nuclei of irregular size with one or more nucleoli. A few cells were binucleated. Mitotic figures were not frequent. In some areas of the peripheral tumor tissue, the stroma was mixed with spindle, stellate, or pleomorphic cells of irregular size.
Numerous and irregular capillaries, surrounded by pleomorphic cells, were prominent. Necrosis and hemorrhage were not present. The neoplasm disclosed an infiltrative growth into the superficial part of the cerebral cortex leading to atrophy of the brain matrix. Remnants of brain cortex, including neurons and glial cells, were observed intermingled with the neoplastic cells ( Fig. 1) . PAS-positive material was observed within the cytoplasm of several neoplastic cells.
The von Kossa stain disclosed a strong positivity for the osteoid matrix.
At electron microscopic examination, the ultrastructure of the cells, especially the membranes, was poor due to the prior embedment in paraffin for light microscopic examination. Nevertheless, some cell organelles such as mitochondria, rough endoplasmic reticulum membranes, and nuclei and extracellular matrix components such as collagen fibrils could be distinguished. All sections examined showed mineralized matrix and many osteoblast-like cells. These cells were rich in rough endoplasmic reticulum, often with cisternae in parallel array (Fig. 2) . Several steps of ossification could be detected: pale matrix interwoven with fibrils of collagen ( Fig.  3) , islands of mineralization within the matrix (Fig. 3) , and fully mineralized matrix dominated by hydroxyapatite-like crystals (Fig. 2) . The whole structure of this tissue was similar to what is called woven bone tissue.
Tumors of meningeal origin in rats are generally classified following the World Health Organization (WHO) classification of central nervous system tumors as benign meningioma, granular cell tumor, and meningeal sarcoma.'O Meningeal sarcomas are subclassified as adventitial sarcomas, fibrosarcomas, and polymorphous sarcomas, and their spontaneous incidence is very low. Other authors have subclassified the benign meningiomas as meningothelial (syncytial) and fibroblastic types, and successively this classification has been c~n f i r m e d .~.~ Granular cell tumor is the most frequent type of meningeal tumor in rats, accounting in our strain for 6 1.1% of all primary brain t~m o r s .~ In humans, meningiomas have been divided into five categories: syncytial, transitional, fibrous, angioblastic, and sarcomato~s.~ In the classification of the WHO, the human meningiomas have been categorized as follows:1o meningotheliomatous (endotheliomatous, syncytial, and arachnotheliomatous), fibrous (fibroblastic), transitional (mixed), psammomatous, angiomatous, hemangioblastic, hemangiopericytic, papillary, and anaplastic (malignant). Other investigators have proposed regrouping the meningiomas into three principal groups? meningothelial (or syncytial) type, transitional type, fibroblastic type. The last group is comprised of the malignant mengiomas.
Primary osteosarcomas of the meninges in rats have not been previously described, and nothing is known about their occurrence in other animal species. In humans, only two cases have been reported both were in women, whose incidence of meningeal tumors is higher than that of The present case was also observed in a female individual, despite the fact that incidence of meningeal tumors in rats is higher in males than in females because of the higher occurrence of granular cell tumors in males.3 Although the tumor was present in a treated animal, it was considered a spontaneous lesion because of the single occurrence and the lack of a carcinogenic potential of the compound.
Morphologically, based on the description in humans, the osteosarcomas of meninges in humans and rats are very similar.4 Macroscopically, both the human and the rat tumors were detached from the dura mater and tightly connected with the brain tissue. In our case, the skull did not reveal any sign of tumoral involvement. There was neither adhesion nor thickening or distortion of the cranial wall. The mass was hard, and the surface was round and irregular. The cut surface was pink-white at the periphery and white in the center. The microscopic and ultramicroscopic investigations revealed a similar cellular and matrix conformation of both tumors (proliferation of osteoblast-like cells and osteoid formation). A complete examination of the skeleton revealed no primary bone lesions. Therefore, this neoplasm was diagnosed as a primary and nonmetastasizing osteosarcoma arising from meninges.
In addition to the granular cell tumors, all types ofmeningiomas observed in the rat have also been observed in humans. These similarities could be important in comparative and experimental pathology.
